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Abstract 
The effects of substrate temperature, source temperature and separation distance between the source and substrate on the growth 
rate of CdZnTe (CZT) films by Closed Space Sublimation (CSS) were systematically investigated. A maximum deposition rate 
of above 5ȝm/min was achieved with a source temperature of 650ºC. The CZT films were heat treated by CdCl2 vapour in CSS 
system. The CdCl2 treatment on the structural and optical properties of CZT films was studied.  
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1. Introduction 
In the last decade, CdZnTe (CZT) has attracted considerable interest because of its wide applications in 
optoelectronic devices [1]. It is one of the most promising materials for X-ray and gamma-ray detectors [2]. 
Recently, advancements in two-junction solar cell technology have also indicated that CZT may be successfully 
used in the fabrication of thin film tandem solar cells [3, 4]. The main requirement for these devices includes a large 
active area, high sensitivity, wide dynamic range, and low production cost, etc. However, single-crystal CZT is not 
suitable for a large-area fabrication due to the difficulty in manufacturing defect-free, uniform bandgap and highly 
resistive large area wafers. For production of large area CZT material with lower cost, thin film technology can be 
used. Previous reports on polycrystalline CZT films have shown replacement of CdZnTe single crystal [5, 6]. 
Several preparation techniques have been reported for CZT thin films including chemical vapor deposition, 
thermal evaporation, sputtering, molecular beam epitaxy and metal-organic chemical vapor deposition, etc. [7-10]. 
The typical deposition rate of the above methods was much lower (<5ȝm/h), which is considerably less than that 
achieved by Closed Space Sublimation (CSS) deposition (>1ȝm/min). CSS is the most promising in terms of its 
rapid deposition rate and most recently CSS has been widely used to grow CdTe films for solar cells and X-ray 
imaging applications [11, 12]. The combination of high growth rates and simple configuration create an opportunity 
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to use the CSS technique for high-quality crystal growth. In this work, we had systematically investigated the 
growth of CZT films by CSS. The CdCl2 treatment after the deposition on the structural and optical properties of 
CZT films was also studied and discussed. 
2. Experimental 
CZT films were prepared by CSS method. The CSS-unit consists of a source and substrate, which can be heated 
independently to 800 ϨC. The source temperature and substrate temperature were measured by thermocouples. The 
sublimation source material was single crystal Cd0.9Zn0.1Te (purity > 99.99%). The chamber was evacuated to 5 × 
10-4Pa before deposition. The used substrate material was 20 × 20 × 2.2 mm fluorine doped tin oxide (FTO) glass. 
The substrates were cleaned in an ultrasonic bath with ethanol and deionised water. The growth rate of the film 
against substrate temperature (300~600ϨC) for different source temperature (650 ϨC, 610 ϨC and 570 ϨC) and the 
growth rate against different separation distances between the source and substrate (3mm, 5mm) were investigated 
in detail. The deposition time was 1 min. 
After deposition, CZT films were treated by vapor method of CdCl2 in CSS system. Normally, CdCl2 treatment is 
an additional process step for the film (CdTe, CdS, CZT, etc.) deposition techniques and involves wet treatment 
followed by annealing at about 400 °C. The wet CdCl2 surface treatment is not suitable for large area film 
fabrication due to the nonuniform delivery of the CdCl2. In present work, the vapor technique is developed which 
can uniformly deliver the chloride species to the CZT surface. The CdCl2 power was used as source material and the 
source temperature was 420ϨC. The CZT film was put in the substrate holder and the source temperature was 420ϨC 
too. The time of the treatment was 30 min. 
The thicknesses of the films were measured using an Alpha Step profilometer. The structural and optical 
properties of CdS films were studied. The properties of the films were analyzed by UV-visible spectrophotometer 
(JASCO V-570) and X-ray diffraction (XRD D/MAX-3C, Cu KĮ1, Ȝ=0.154056nm).  
3. Results and Discussions 
Figure 1 shows the growth rate of the film against substrate temperature (300 ~ 600ϨC) for different source 
temperature (650 ϨC, 610 ϨC and 570 ϨC) and the growth rate against different separation distances between the 
source and substrate (3mm, 5mm), from which we can find that the growth rate can be distinguished into two 
regions for different source temperature. For substrate temperatures up to an extended breaking point of ~ 450 °C 
the growth rate appears constant and depends only on the source temperature. However, a drop of growth rate is 
observed at substrate temperature of above 450 °C, which is explained by increased re-evaporation of CZT. It is also 
observed from Fig. 1 (b) that the separation distance between the source and substrate play an important role on the 
growth rate. A higher growth rate is achieved with a smaller separation distance of 3mm. By using CSS method, a 
maximum deposition rate of CZT films of above 5ȝm/min is achieved with a source temperature of 650°C and 
separation distance of 3mm. 
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Fig. 1(a) The growth rate of the film against substrate temperature for different source temperature, (b) the growth rate against 
different source substrate distance. 
 
In Fig. 2, the XRD diffraction patterns both for as deposited and heat-treated CZT films, deposited at source 
temperature of 650°C, substrate temperature of 500°C and separation distance of 3mm, are presented. The figure 
exhibits only one XRD peak located at about 24Ϩ for both CZT films, corresponding to (111) plane of CZT. After 
CdCl2 heat treatment, the film has a higher diffraction intensity and a smaller full-width at half-maximum (FWHM) 
of the (111) peak, indicating a better crystalline quality of the film. It’s well known that Cl is a hydrogen-like donor 
impurity and it expedites grain growth, passivates grain boundary, compensates a Cd vacancy and improves the 




Fig. 2 The XRD patterns of CZT films of as deposited and heat treated by CdCl2 
 
The transmittance spectra of CZT films of as deposited and heat treated by CdCl2 with the same deposition 
conditions above (source temperature 650°C, substrate temperature 500°C and separation distance 3mm) is 
measured using UV-visible spectrophotometer, as shown in Fig.3. As mentioned before that Cl is helpful to 
passivates grain boundary, compensates Cd vacancy and improves the crystalline quality. Therefore, the CdCl2 
treatment results in the increasing of film transmittance due to the improvement of film quality. The bandgap of the 
film can be estimated using the relationship [14]: (Įhv)2 = A(hv – Eg)1/2. The result shows that the bandgap of as 
deposited and heat treated CZT films are about 1.56eV and 1.53eV, respectively. 
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Fig. 3 Transmittance spectra of CZT films of as deposited and heat treated by CdCl2 
4. Conclusion 
In this work, the effects of deposition parameters on the growth rate of CZT films by CSS were systematically 
investigated. The growth rate kept constant and depended only on the source temperature up to 450 °C. However, a 
drop of growth rate occurred at substrate temperature above 450 °C. A maximum deposition rate of above 5ȝm/min 
was achieved with a source temperature of 650ºC. The CZT films were heat treated by CdCl2 vapour in CSS system. 
The XRD exhibited only (111) peak of CZT films as deposited and heat-treated CZT films. The CdCl2 treatment is 
helpful to improve the crystalline quality, and then resulting in the increasing of film transmittance. The bandgap of 
as deposited and heat treated CZT films were about 1.56eV and 1.53eV, respectively. 
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